Background: Cisplatin-based combination chemotherapy is standard treatment for metastatic urothelial carcinoma; however, the vast majority of patients experience disease progression. As systemic therapy alone is rarely curative for the treatment of metastatic urothelial cancer, not only are new therapies needed but also refinement of general treatment principles. Herein, we conducted a systematic review and meta-analysis to explore the role of metastasectomy in metastatic urothelial carcinoma. Methods: We conducted a systematic review of the literature regarding local treatment for metastatic urothelial carcinoma. An online electronic search of the PubMed/MEDLINE and EMBASE databases was performed to identify peer-reviewed articles. All procedures were performed according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. Information was then extracted including number of patients, gender, the site of the primary urothelial tumor, site of metastasis, chemotherapy before or after metastasectomy, overall survival (OS), and disease specific survival (DSS) after metastasectomy. A meta-analysis was performed with those studies with sufficient survival data to obtain pooled overall survival. The article quality was assessed using the Cochrane Handbook "risk of bias" tool. Results: Seventeen out of 3963 articles were eligible for review between 1990-2015, including a total of 412 patients. The mean time to recurrence after metastasectomy was 14.25 months. The overall survival from time of metastasectomy ranged from 2 to 60 months. Pooled analyses of studies reported survival data revealed an improved overall survival for patients treated with metastasectomy compared with non-surgical treatment of metastatic lesions (HR 0.63; 95% CI, 0.49-0.81). All, except for three studies, were retrospective and non-randomized, leading to a high risk of bias associated with patient selection, patient attrition, and reporting. Such high potential of selection bias may lead to higher OS than expected. Additionally, treatment and outcome details reported across studies was highly variable. Conclusions: Limited conclusions can be drawn from the available literature exploring the role of metastasectomy in the management of metastatic urothelial cancer due to lack of uniform reporting elements and multiple sources of bias particularly related to a lack of prospective randomized trials. As a subset of patients treated with metastasectomy achieve durable disease control, this approach may be considered for select patients.
BACKGROUND
Cisplatin-based combination chemotherapy is standard treatment for patients with metastatic urothelial cancer. While the majority of patients respond to such treatment, and complete clinical responses are achieved in approximately 10-20% of patients, the vast majority of patients experience disease progression and subsequently succumb to the disease [1, 2] . After several decades without improvements in the outcomes of patients with metastatic urothelial cancer [3] , immune checkpoint blockade has recently been shown to achieve durable responses and improve survival in patients with metastatic urothelial cancer [4] [5] [6] . However, only a small subset of patients with metastatic urothelial cancer respond to systemic or immunomodulator therapy, treatment is generally not curative, and alternative therapeutic strategies are thus needed to achieve durable disease control [7] [8] [9] .
Post-chemotherapy resection of residual disease is a well-defined strategy for the treatment of other solid tumors such as testicular germ cell tumors [10] [11] [12] [13] . A possible rationale for post-chemotherapy surgery for residual urothelial cancer was initially proposed by Dimopoulos et al. in 1994 in an analysis demonstrating a high incidence of progression at prior sites of disease in patients who had initially responded to systemic chemotherapy [14] . Since that time, there have been numerous predominantly single institutional series attempting to define the optimal use of post-chemotherapy surgery for residual disease in urothelial cancer. Herein, we systematically review the available literature regarding the role of metastasectomy in metastatic urothelial cancer, which included both synchronous and metachronous metastases at presentation, and perform a metaanalysis to refine the role of this multimodality approach.
MATERIALS AND METHODS

Search strategy
We conducted a systematic search according to the PRISMA guidelines [15] , and in accordance with the principles outlined in the Cochrane Handbook for Systematic Reviews of Interventions [16] . The PubMed/MEDLINE and EMBASE databases were systematically searched for studies between 1990-2015 reporting on local treatments for metastatic urothelial carcinoma. The comprehensive search strategy included both subject headings and a comprehensive list of keywords as outlined in Appendix 1. Animal studies were excluded using the method recommended by the Cochrane Handbook for Systematic Reviews of Interventions [16] . The full search strategy for both databases is reported in Appendix 1.
Study selection
The study selection process is outlined in Fig. 1 . Three reviewers, which include the first three authors of this manuscript, independently screened titles and abstracts and the following studies were excluded after the initial literature search: reviews, case reports, studies not reported in English language, studies of systemic treatment only, studies of localized disease only, and studies of other genitourinary tumors. Any disagreement was resolved by consensus among the reviewers. The study population included those patients with metastatic urothelial carcinoma to any organ, except for regional pelvic lymph nodes, as this population is the topic of another study. There were no specific restrictions on prior treatment including surgery, radiotherapy, and chemotherapy. After removing duplicates, 3744 records were screened by title of which 3024 were excluded. Out of the remaining 720 articles screened by abstract, 665 were excluded. A final list of 55 manuscripts were read in full to determine eligibility.
Data extraction
Initially, data was extracted independently by three authors. The following variables were extracted: number of patients, gender, the site of the primary urothelial tumor, site of metastasis, chemotherapy before or after metastasectomy, overall survival (OS), progression-free survival (PFS), and disease specific survival (DSS) after metastasectomy. Hazard ration (HR) and its 95% CI were extracted from KaplanMeier graphs using Tierney's method [17] . In one study without a Kaplan-Meier curve [18] , the graph was drawn first based on the reported individual data of the patients in this study; then Tierney's method was applied.
Outcome measures
The primary outcomes assessed was OS, while DSS and PFS were secondary outcomes. Descriptive statistics were used to summarize baseline characteristics.
Statistical analysis
The meta-analysis was conducted using Review Manager (RevMan) software version 5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen). A random effect model was applied regardless of I 2 value due to the expected heterogeneity between the included studies. The analysis of generic inverse variance was applied using Log HR and its standard error (SE).
Quality assessment
The Cochrane Handbook "risk of bias" tool was utilized for risk of bias assessment for each of the studies of interest [16] . Risk of bias was stratified by score as follows: 1 = low, 2 = unclear, 3 = high. Evidence quality was not assessed by GRADE because of the nature of the included studies (ie, retrospective, non-comparative studies), and the high risk of bias across the studies.
RESULTS
Search results
Our literature search identified 3963 articles, 55 of which were selected for full text screening. Among the 55 articles, 17 articles on 412 patients met criteria for inclusion in the final analysis ( Fig. 1) including 15 retrospective studies and 2 prospective studies [19, 20] . Six studies included metastasectomy at multiple metastatic sites [20] [21] [22] [23] [24] [25] [26] , three studies focused on the role of distant lymphadenectomy [19, 27, 28] , five involved pulmonary metastasectomy [26, [29] [30] [31] [32] , and three reported resection of brain metastases [18, 33, 34] . The details of these studies are outlined in Table 1 . Table 1 Summary of the included studies NA: not available. 
Characteristics for reviewed studies
Among the included articles, there was marked variability in the reporting of patient characteristics and clinical outcomes, systemic treatment strategy, and in the extent of metastasectomy.
The characteristics of the 412 patients included in the 17 articles are detailed in Table 2 . The mean age of the patients was 62 years, and 70% were male. Most patients had bladder primary tumors, although 25% of patients had tumors in the upper urinary tract or urethra. The number of metastases was reported in 72% of patients and 50% of these patients had multiple metastases. The mean time from the initial surgery, either transurethral resection of the bladder tumor (TURBT) or cystectomy, to metastasectomy was 19 months, although this data was only reported in 6 studies [20, 21, 23, 28, 30] . The sites of metastasectomy are outlined in Table 1 with resection of lung metastases representing the most common site.
Systemic treatment generally consisted of chemotherapy given before and/or after metastasectomy. Two studies did not specify the treatment schedule [18, 32] . Only 9 articles specified the type of systemic treatment employed [18-20, 24, 27, 29, 30, 32, 34] ; the combination of methotrexate, vinblastine, doxorubicin, plus cisplatin (MVAC) was the most commonly used chemotherapy regimen.
Studies limited to patients with lung metastases
Five retrospective studies evaluated the role of lung metastasectomy in patients with metastatic bladder cancer [26, [29] [30] [31] [32] as detailed in Fig. 2 . These studies, including 96 patients, reported 5-year OS ranging from 46.5% to 85.3% except for one study which only reported 3-year OS (41%) [29] . Only two of the studies reported 5-year PFS [26, 31] , which ranged from 26% to 50%. Several studies attempted to find co-variates that could predict good outcomes. Two studies reported that solitary metastases were independently associated with better prognosis [30, 32] with 5-year OS ranging from 83.3% (HR not reported) to 85.7% (HR not reported, p = 0.009). Another study [29] showed a much longer PFS (68 months vs. 7 months, p < 0.001) in the group with solitary metastasis when compared to those patients with multiple metastatic pulmonary lesions. Furthermore, one study [26] also showed that solitary metastases < 3 cm (HR 4.72, p = 0.006) were associated with improved outcomes compared with patients with larger metastases.
All the studies, except one [29] , included cases with only pulmonary metastases (and not other sites) amenable to resection. Between these different studies, there were no uniform guidelines regarding number of times metastectomy can be performed and use of chemotherapy in the post-metastectomy setting. For example in some of the studies [26, 29, 31] , patients underwent an aggressive surgical approach with serial metastasectomies performed for recurrent tumors.
Studies limited to patients with distant lymph node metastases
Three studies specifically addressed the role of retroperitoneal lymph node dissection after chemotherapy for the management of metastatic bladder carcinoma [19, 27, 28] as shown in Fig. 2 . Two retrospective studies with a total of 31 patients [27, 28] and one phase II trial [19] with 11 patients, showed median PFS and OS ranging between 7-20 months and 8-37 months, respectively.
Necchi et al. retrospectively studied 28 patients over a 26-year period, while Sweeney prospectively enrolled 11 patients. Kim et al. presented a small case series consisting of only three patients. All the studies were limited to patients with nodal metastasis and at least stable disease after platinum-based chemotherapy. The study by Necchi et al. included patients with retroperitoneal nodal metastasis and those with pelvic nodal recurrence, while the other two studies only included patients with distant nodal involvement. Two of the studies [19, 28] only included patients achieving a partial response (PR) or complete response (CR) to systemic chemotherapy, while the study reported by Necchi et al. also included patients with stable disease. Interestingly, the study by Necchi et al. reported an analysis between the group of patients with CR to chemotherapy, those with CR after removal of residual nodal disease, and those with residual disease, and found a median OS to be 44 months, 37 months, and 12 months, respectively. In the study by Sweeney et al., among patients with a clinical CR with chemotherapy, 6 of 7 patients had pathologic evidence of residual cancer in the lymph nodes. On multivariate analyses, patients with viable tumor in no more than 2 lymph nodes correlated with significantly greater PFS (5 months vs. median not achieved at 60 months, p = 0.01) and DSS (p = 8 months vs. median not achieved at 60 months, p = 0.006).
Studies limited to brain metastases
Three retrospective studies [18, 33, 34] , consisting of 87 patients, studied the role of resection of brain metastases with median OS for all patients ranging from 2 to 29 months. There was a large variation in the extent of metastases and the use of multi-modal treatment strategies consisting of either whole-brain radiation therapy (WBRT), surgery with WBRT, and stereotactic radiosurgery (SRS) with or without WBRT. In all three studies, WBRT was the predominant treatment for multiple brain lesions in the setting of uncontrolled systemic disease, while patients underwent combined surgical resection plus WBRT for solitary lesions. SRS was reserved for lesions that were < 3 cm. The median OS for patients treated with WBRT only and surgical resection + WBRT ranged between 1.4-2 months and 7.8-29 months, respectively. Fokas et al. also performed multivariate analyses and found that a lack of extracerebral metastases was a favorable prognostic factor (RR: 7.45; 95% CI: 2.27-24.41; p = 0.001) Fig. 3 . Meta-analysis of OS among five studies where survival measures could be extracted or calculated from Kaplan-Meier curves.
in those receiving WBRT and surgical resection plus WBRT [33] .
Studies including other metastatic sites
Six studies included patients with distant metastases in various anatomic locations that underwent complete resection [20] [21] [22] [23] [24] [25] . The 5-year median OS from metastasectomy ranged from 31%-71.6%, while one study [20] reported a 2-year OS at 19.3%.
All of these studies, with the exception of a prospective phase II trial, by Otto and colleagues [20] , were retrospective in nature. Among the six studies, two were multi-center [21, 23] and the remainder involved are single-institutions. The locations of metastases were similar among studies, although some included pelvic lymph node resections [21, 23, 24] in the metastasectomy group. All of the studies, with the exception of the prospective study [20] , included patients with involvement of one anatomic site with one or multiple, small lesions. There was variability in the number of patients who received chemotherapy either before or after metastasectomy. Additionally, there was heterogeneity in the response to chemotherapy prior to metastasectomy; four studies [21, [23] [24] [25] included patients undergoing metastasectomy after achieving a CR to chemotherapy, one study [22] included only patients with PR to chemotherapy, and one study [20] included only patients that were refractory to chemotherapy. Interestingly in this study, those patients who underwent metastasectomy for palliative purposes had a significant improvement in quality-of-life (WHO performance score 3.3 to 2.1, p = 0.005). The pathologic evidence of residual disease in the metastasectomy specimen varied across studies. The study by Bekku et al. reported the longest 5-year PFS and OS at 63.9% and 71.6%, with viable tumor in only 25% of patients after chemotherapy, while the other studies reported pathologic evidence of residual tumor in 66-91% of patients.
Meta-analysis
The mean time to recurrence after metastasectomy was 14.3 months. However, this data was only reported in nine out of 17 studies [19, 23, 25, 26, [28] [29] [30] [31] [32] . The overall survival from the resection of metastases reported in the different articles ranged from 2 to 60 months.
A meta-analysis was performed on five studies where survival measures could be extracted or calculated from Kaplan-Meier curves. Metastasectomy displayed a significant better OS in comparison to non-surgical treatment of metastatic lesions (HR 0.63; 95% CI, 0.49-0.81), as shown in Fig. 3 . Of note, one [27] of the five studies was weighted 90% based on its sample size, and the final HR is largely reflective of this one study. Meta-analysis to compare the impact of location of metastasectomy on survival was unable to be performed due to a lack of uniform data. Table 3 summarizes the risk of confounding and overall bias for the included studies in the systematic review. All, except for three studies, were retrospective and non-randomized, leading to the high risk of bias associated with patient selection, patient attrition, and selective reporting. Regarding confounders, all of the studies reported adequate data on age and gender. Reporting of systemic treatment type, treatment schedules, and response to treatment were heterogeneous. Information regarding performance was not available for most of the studies.
Risk of bias and confounding.
DISCUSSION
While metastasectomy plays a role in the management of select patients with metastatic urothelial cancer, the optimal application of such treatment remains elusive. Furthermore, outcomes of patients Table 3 Risk of bias and confounding (1: low risk of bias and confounding. To better understand the state of knowledge regarding metastasectomy in metastatic urothelial cancer and to define knowledge gaps and opportunities for further study, we performed a systematic review and meta-analysis.
A major challenge we encountered when conducting this systematic review and meta-analysis was that the literature is mostly comprised of singleinstitution, small retrospective series that suffer markedly from selection bias. There is a lack of uniform reporting compromising the ability to pool data for analysis. This lack of uniform reporting ranged from the details and timing of systemic therapy, sequence of therapies, response to chemotherapy, presentation of synchronous or metachronous metastases, and surgical complications. Our meta-analysis of five studies with available comparative data revealed that patients undergoing metastasectomy displayed a significantly better OS in comparison to patients undergoing non-surgical treatment of metastatic lesions. However, a major limitation of the meta-analysis is that one study [27] contributed overwhelmingly to these results (i.e., was weighted 90%). This study by Necchi included patients who had exclusive subdiaphragmatic, abdominal, or pelvic nodal disease, and had at least stable disease after receiving mMVAC. Of the 59 patients studied, 28 underwent pelvic or retroperitoneal lymphadenectomy. When compared to the 31 patients who did not undergo surgery, those patients that had removal of residual disease demonstrated a survival advantage. Despite the limitations outlined above, our meta-analysis revealed that patients undergoing metastasectomy displayed a significantly better OS in comparison to patients undergoing non-surgical treatment of metastatic lesions. Interpretation of these data are limited by marked selection bias in the included studies. Therefore, these studies, and our pooled data, demonstrate what is potentially achievable regarding patient outcomes, even in the context of metastatic urothelial cancer. Whether the patients achieving durable disease control post-metastasectomy would have fared equally well without a surgical approach cannot be answered definitively in the absence of randomized trials. While several barriers exist to the conduct of such a trial, both from a standpoint of trial design and feasibility, definitively addressing the role of this approach should be considered by the bladder cancer clinical trials community. In the absence of a prospective randomized trial, a prospective registry employing uniform data capture and follow-up across multiple sites of care could help refine the optimal use of metastasectomy.
In the absence of prospective data, and randomized trials, selecting appropriate patients for metastasectomy remains challenging. Given the lack of access to individual patient data, we were unable to dissect the baseline characteristics of patients who may derive the most benefit from metastasectomy. Several of the individual studies included in our systematic review attempted to define such factors. For example, in the studies by Matsugama [26] and Kanzazi et al. [30] , pulmonary metastasectomy was purported to be most beneficial in patients with small, solitary pulmonary lesions. Response to initial chemotherapy was suggested as a strategy to triage patients to metastasectomy in other studies. In the study by Necchi et al., patients with at least stable disease could undergo surgery [9] , while in the other two studies significant partial responses were required. Sites and number of metastases may play a key role in impacting outcomes. In several analyses, better outcomes were reported in patients with limited sites of metastases, mainly to the lymph nodes or to the lungs [21, 22, 24, 26, 27, 29] . Not surprisingly, patients with solitary lesions appeared to also have a better prognosis [21] . Together, these studies suggest that low volume chemotherapy-sensitive metastatic disease confined to lungs or lymph nodes may be optimal for integrating metastasectomy; however, the extent and pace of disease in such patients may reflect favorable underlying disease biology and such patients may have theoretically have favorable outcomes even in the absence of metastasectomy and patient counseling regarding the limitations of the available data is required to facilitate shared medical decisions.
Importantly, metastectomy may not only play a role in improving survival but may also be considered for palliative reasons. Otto et al. conducted the only study that elucidated the role of metastectomy on quality of life in patients with disease not amenable to chemotherapy [20] . The study showed that surgical removal of metastases in such patients could favorably impact in quality of life in symptomatic patients but could worsen in asymptomatic patients without any survival advantage.
The landscape of treatment for metastatic urothelial cancer has markedly changed in recent years with the introduction of immune checkpoint blockade [35, 36] . A subset of patients experiences durable disease control with PD-1/PD-L1 blockade though most commonly without achieving a complete response. Further, a subset of patients treated with such therapies experience oligoprogression via asyet-undefined acquired resistance mechanisms. The role of metastasectomy may need to be completely re-envisioned as modulation of the host immune system is appearing to alter the course of disease, and patterns of progression, in ways that were uncommon in the era of cytotoxic chemotherapy. Whether or not immune checkpoint blockade plus metastasectomy will achieve cure is some patients with metastatic urothelial cancer is unclear but is ripe for investigation.
In conclusion, to our knowledge, this is the first systematic review and meta-analysis to identify the evidence-base regarding the role of metastasectomy in patients with urothelial carcinoma. Given the potential for durable disease control, metastasectomy should be considered as a therapeutic option in select patients. However, the current level of evidence precludes establishing more general recommendations for use of this approach.
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